Background. The effectiveness of percutaneous transluminal angioplasty (PTA) in renal artery stenosis (RAS) associated with neurofibromatosis type 1 (NF1) has not been established. A review of the literature revealed 14 studies, mainly case reports, of which a total of 16 patients had been treated with PTA, all prior to any surgery being undertaken. Methods. A retrospective case review of 10 children with renal vascular disease secondary to NF was conducted to evaluate the outcome of different treatment modalities, including PTA. Four patients had unilateral disease, while six had bilateral disease, which was associated with middle aortic syndrome in three. Treatment was a combination of antihypertensive drug therapy, PTA and surgery. PTA was performed 15 times on six patients, nine procedures prior to surgery. Results. The success rate for PTA on primary stenoses was 33% with improvement in blood pressure (BP) control in another 33%. Angioplasties performed on stenoses post-surgery had a success rate of 67%. There were no major complications and PTA had no adverse effect on subsequent surgery. The pre-surgery results obtained at a tertiary referral centre are consistent with those reported in the literature. Conclusion. PTA is a safe and moderately effective treatment modality for RAS secondary to NF1. Although there is only limited success in primary stenoses as there is no adverse effect on subsequent surgery we feel it should be considered as first line management when clinically indicated.
Introduction
Von Recklinghausen first described neurofibromatosis type 1 (NF1) in 1882 as a hamartous disorder arising from the neural crest involving ectodermal, neuroectodermal and mesodermal tissue. It is an autosomal dominant disorder with a frequency of one in 3000 [1] . The gene for NF1 is located on the pericentric region of chromosome 17 and has variable penetrance. Approximately 50% of cases result from spontaneous mutations.
The incidence of hypertension in NF1 is approximately 1% and may be a result of coarctation of the aorta, phaeochromocytoma or renal artery stenosis (RAS). In younger patients the most common cause is RAS, occurring seven times more frequently than phaeochromocytoma. Approximately 25% of patients with hypertension have abdominal aortic involvement [2] . In contrast to fibromuscular dysplasia where 95% of all stenoses are found in the distal two-thirds of the renal artery, in NF1 more than 50% of all stenoses are located at the ostia [2] .
Treatment modalities in renal vascular disease secondary to NF1 involve a combination of drug therapy, percutaneous transluminal angioplasty (PTA) and surgery. It is generally felt that stenoses involving the renal ostium respond poorly to PTA. There have been mixed reports of the effectiveness of PTA in NF1 with success rates of approximately 30% [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Reasons cited for the poor outcome included position of the stenosis and the variable extent of fibrotic tissue involved [9] . Most reports in the literature are single case studies.
A retrospective review was conducted to evaluate the effectiveness of different treatment modalities, in particular PTA, in 10 patients with NF1 who presented to tertiary referral centre over the last 20 years with hypertension secondary to renal vascular disease. All children with NF1 and increased blood pressure (BP) routinely have angiography performed once phaeochromocytoma has been excluded due to the known association between NF1 and RAS.
Subjects and methods
This was a retrospective study from a major paediatric regional centre. Ten children with NF1 were diagnosed with RAS from 1982 to 2000. There were equal numbers of male and female patients. The age at diagnosis of hypertension ranged from birth to 15 years (median 5 years). Nine of the patients presented with a systolic BP greater than the 95th percentile for age and gender based on the Report of the Second Task Force on Hypertension [17] . The presenting BP for the tenth patient was not recorded in the notes as she had been treated initially at another hospital. Six of the children had been diagnosed previously with neurofibromatosis due to a family history or evidence of neurocutaneous stigmata. Of these, four were discovered to be hypertensive at a routine clinic visit, one presented with general malaise and vomiting while the last patient was admitted with malignant hypertension and associated left lower facial nerve palsy. Of the other four patients, one was noted to be hypertensive on routine examination while the other three presented with symptoms ranging from general malaise and headaches to irritability and vomiting.
Following appropriate management of the patients' hypertension aortography was performed. Four of the patients were found to have only unilateral disease. The other six had bilateral involvement, two of these patients had associated middle aortic syndrome both these patients presented with high creatinine levels. One of these as well as another patient presented with raised creatinine levels prior to subsequent angioplasty. No stents were used in any of the procedures.
The technical success of the procedure was characterized by an increase in the diameter of the artery and no significant stenosis on the immediate post-PTA angiogram. Outcome of PTA was primarily assessed in terms of its effect on BP. Success or cure was defined as the normalization of the child's BP off all medication. Partial success was an improvement in BP control with concurrent or decreased antihypertensive medication while failure was achieving neither of the two previous criteria [18] . The secondary outcome was a change in serum creatinine concentration.
Results
Four patients had unilateral renal vascular disease all with normal renal function. Two patients had nonstenotic small vessel disease, one associated with multiple small aneurysm formation. This was treated by superselective embolization of three small aneurysms ( Figure 1 ). Seventeen months later she is well, off all medication with no change in her renal function. The other child has good BP control using antihypertensive medication. One patient who had a left proximal renal artery stenosis underwent angioplasty but as this failed she subsequently underwent a left autotransplant. A year after surgery she developed a distal anastomotic stenosis in the autotransplant that was successfully dilated and has been off all antihypertensive medication for the last 6 years. The last patient had been noted to have a right renal artery stenosis in 1981 at another hospital that was treated medically. In 1994 she presented to this hospital with increasingly difficult hypertensive control and she underwent a right nephrectomy for a renal artery aneurysm. She remains normotensive off all medication with a creatinine within the normal range (Table 1) .
Five out of six patients with bilateral disease had attempted angioplasty; the sixth patient was unsuitable for PTA due to concomitant medical problems. Her BP has been controlled by medication. Of the five remaining patients, one with MAS had surgical repair of both renal arteries and subsequent renal transplantation. This patient subsequently had angioplasty to the anastomosis of his aortic PTFE graft resulting in an improvement in both BP control and creatinine. Patient 2 underwent unsuccessful surgery to the right renal artery that resulted in nephrectomy. He then had successful angioplasty performed on the remaining renal artery since then his creatinine has always remained within normal range. Patient 3 had initial bilateral angioplasty with a good technical result. Restenosis occurred 5 months later and he had further angioplasty due to difficult to control BP and raised creatinine. This was unsuccessful and resulted in bilateral autotransplantation followed by a left nephrectomy. He has since had angioplasty performed twice on the remaining autotransplanted kidney, resulting in an improvement in creatinine and BP control on medication. Patient 4 had initial surgery on the right side and failed angioplasty on the left requiring surgery within 4 weeks. Ten years later he had subsequent angioplasty performed on the proximal end of the anastomosis, which improved the control of both BP and creatinine. The final patient was treated with bilateral angioplasty and remains normotensive and is off medication 12 months later (Table 2, Figure 2) .
A total of 32 stenoses were detected in the 10 patients reviewed. Seventeen were primary stenoses while 15 occurred following surgery. Only one patient has progressed to end-stage renal failure. Fifteen angioplasties were performed on six of the patients, nine prior to any surgery and six postoperatively. Technical success was reported in 10 of the 15 angioplasties (Tables 1 and 2 ). Of the total 15 angioplasties performed, clinical successucure was seen in seven (47%), five (33%) resulted in improved BP control although the patients still required some antihypertensive medication with only three (20%) failing to show any improvement (Table 3 ). In the four cases where renal function was noted to have deteriorated prior to treatment, post-PTA there was an improvement of greater than 15% in the serum creatinine. Evaluation of the timing of PTA revealed a success rate in the pre-surgical group of 33% compared with 67% postoperatively (Table 3 ). There were no complications reported with any of the procedures and PTA did not adversely interfere with subsequent surgery.
Discussion
Renal artery stenosis is the most frequently reported vascular lesion in neurofibromatosis [2] and as seen in our group of patients, may be unilateral or bilateral. Greene et al. [19] described two basic categories of stenosis in NF1. The first involves larger vessels such as the aorta, carotid and proximal renal arteries, which are surrounded by neurofibromatosis or ganglioneuromatous tissue. Intimal proliferation, thinning of the media and fragmentation of elastic tissue may lead to stenosis or aneurysm formation. The second type is unrelated to neural malformation, but probably reflects a dysplasia of small vessels. Lesions occur in many arteries and involve the minute intrarenal branches. With use of electron microscopy, Greene et al. [19] identified smooth muscle elements within the abnormal cells and concluded that the vascular lesion is a form of mesodermal dysplasia. It is unknown whether the histological lesion seen in renal artery stenosis associated with NF1 influences the outcome of therapy.
Treatment of hypertension due to RAS in NF1 is usually a combination of drug therapy, PTA and surgery. Studies of PTA have reported this technique as an effective and safe treatment for hypertension caused by renal artery stenosis in children [3] . Courtel et al. [4] demonstrated that the success of PTA was closely related to the type of stenosis, with angioplasty of an isolated lesion having a success rate of 70% while it appeared ineffective in cases were multiple stenoses were present.
On a review of the literature there were 16 reported cases of children with NF1 with RAS who had undergone angioplasty. All of these were undertaken prior to any surgery being attempted and only a few reports looked at long-term outcome. There were 10 males and six females with the age range between 3 and 29 years (median 10 years). Thirty three per cent had a successful result, 13% had an improvement in BP control on medication while 54% required surgery. In a few of the patients medication was only completely weaned several months after the angioplasty was performed (Table 4) . Success rates at this tertiary referral centre prior to any surgical intervention are 33%, which is similar to that seen in the literature. A further 20% of patients benefited from an improvement in BP control. Potential complications of PTA include haemorrhage or haematoma at the puncture site, transient renal failure induced by contrast media, spasm of the renal artery, embolization of the kidney, renal infarction, dissection, perforation or rupture of the renal vasculature, anuria and balloon rupture. There were no major complications experienced by any of our patients. The advantages of PTA over surgery are multiple. The use of local anaesthetic is precluded in younger infants but the reduced morbidity from lack of a surgical incision and reduced stay in hospital is advantageous to all age groups. PTA did not interfere with subsequent surgery if this was necessary [20] .
Renal vascular disease in NF1 presents a difficult management problem; treatment should be patientspecific within a multidisciplinary setting. Although there is only limited success with primary stenoses, PTA is not detrimental to subsequent vascular reconstruction and has few complications when undertaken by an experienced radiologist. Following surgery there is a high rate of recurrent stenoses but these respond well to PTA. As a result, we feel angioplasty should be first line management when clinically indicated in both primary stenoses and those following surgery. PTA is an effective adjunct to drug therapy and surgery and should be considered when dealing with RAS in NF1. 
